UNCLASSIFIED 
AD  NUMBER 


AD329097 

CLASSIFICATION  CHANGES 

TO: 

UNCLASSIFIED 

FROM: 

CONFIDENTIAL 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors ; 

Administrative /Operational  Use;  MAR  1962.  Other 
requests  shall  be  referred  to  Office  of  Naval 
Research^  One  Liberty  Center,  875  North 
Randolph  Street,  Arlington,  VA  22203-1995. 


_ AUTHORITY _ 

31  Mar  1974,  Group  4,  DoDD  5200.10;  ONR  Itr  dtd 
28  Jul  1977 


THIS  PAGE  IS  UNCLASSIFIED 


AD 


329  097 


HepAoduced 
mf.  tk& 

ARMED  SERVICES  TKHNICAL  INFORMAnON  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINU 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
GSovemment  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  emy  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  emy  way  be  related 
thereto. 


U.$.  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
WASHINOTON,  D.C. 


March  1962 

Raport  No.  0235-0M3 

(Quartarly) 

Copy  No. 


(Unclassifitd  TitU) 

RESEARCH  IN 

FLVORO-NITRO  COMPOUNDS 


Contract  Nonr-2655(00)  \ 

ARPA  Ordor  No.  170-61,  Project  Code  9100 


b 


\ 


i  .  .'i 


Ctmnical  Products  Division 


MAY?  1S-'2 


1  A  A- 

ORPORATION 


AZUSA,  CALIFORNIA  GENERAL  SACRAMENTO,  CALIFORNIA 

riRi 

A  SUBSIDIARY  OF  THE  GENERAL  TIRE  &  RUBBER  COMPANY 

DO'.VKGPADKn  AT  5  "EAR  INTERVALS? 
declass tFii:.'  AFTER  12  TEARS 
DOD  LTR  L200.10 


United  States  Patent  Office  Secrecy  Order 


- NOTICE - 

The  Aerojet-General  Corporation  has  Bled  patent  applications  in  the  U.  S.  Patent  Office  to 
cover  inventions  diKlosed  in  this  publication,  and  the  Commissioner  of  Patents  has  issued  a 
secrecy  order  thereon. 

Compliance  with  the  provisions  of  this  secrecy  order  requires  that  those  who  receive  a 
disclosure  of  the  secret  subject  matter  be  informed  of  the  existence  of  the  secrecy  order  and  ot 
the  penalties  for  the  violation  thereof. 

The  recqtient  of  this  report  is  accordingly  advised  that  this  publication  includes  information 
which  is  now  under  a  secrecy  order.  It  is  requested  that  he  notify  all  persons  who  will  have  access 
to  this  material  of  the  secrecy  order. 

Each  secrecy  order  provides  that  any  person  who  has  received  a  diKlosure  of  the  subject 
matter  covered  by  the  secrecy  order  is 

"in  nowise  to  publish  or  disclose  the  invention  or  any  material  information 
with  respect  theret(\  including  hitherto  unpublished  details  of  the  subject 
matter  of  said  application,  in  any  way  to  any  person  not  cognizant  of  the 
invention  prior  to  the  date  of  the  order,  including  any  employee  of  the  prin¬ 
cipals,  but  to  keep  the  same  secret  except  by  written  permission  first  obtained 
of  the  Commissioner  of  Patents." 

Although  the  original  secrecy  order  forbids  diKlosure  of  the  material  to  persons  not  cognizant 
of  the  invention  prior  to  the  date  of  the  order,  a  supplemental  permit  attached  to  each  order  does 
permit  such  diKlosure  to: 

"(a)  Any  officer  or  employee  of  any  depanment,  independent  agency,  or  bureau 
of  the  Government  of  the  United  States. 

"(b)  Any  person  designated  specifically  by  the  head  of  any  department,  inde¬ 
pendent  agency  or  bureau  of  the  Government  of  the  United  States,  or  by 
his  duly  authorized  subordinate,  as  a  proper  individual  to  receive  the 
diKlosure  of  the  above  indicated  application  for  uk  in  the  proKcution 
of  the  war. 

"The  principals  under  the  Kcrecy  are  further  authorized  to  diKloK  the 
subject  matter  of  this  application  to  the  minimum  necessary  number  of  persons 
of  known  loyalty  and  diKretion,  employed  by  or  working  with  the  principals 
or  their  licenKes  and  whoK  duties  involve  cooperation  in  the  development, 
manufacture  or  uk  of  the  subject  matter  by  or  fo;  the  Government  of  the 
United  States,  provided  such  persons  are  adviKJ  of  the  issuance  of  the 
Kcrecy  order." 

No  other  disclosures  are  authorized,  without  written  permission  from  the  Commissioner  of 
Patents.  Public  Law  No.  239,  77th  Congress,  provides  that  whoever  shall  "willfully  publish  or 
diKloK  or  authorize  or  caux  to  be  published  or  diKlosed  such  invention,  or  any  Material 
information  with  respect  thereto,"  which  is  under  a  xcrecy  order,  "shall,  upon  conviction,  be 
fined  not  more  than  $10,000  or  imprisoned  for  not  more  then  two  years  or  both.”  In  addition. 
Public  ^w  No.  700,  76th  Congress,  provides  that  the  invention  in  a  patent  may  be  held  aban¬ 
doned,  if  it  be  established  that  there  has  been  a  disclosure  in  violation  ut  the  xcrecy  order. 

It  mutt  be  understood  that  the  requirements  of  the  xcrecy  order  of  the  Commissioner  of 
Patents  are  in  addition  to  the  usual  xcurity  regulations  which  are  in  force  with  respect  to 
activities  of  the  Aerojet-General  Corporation.  The  usual  xcurity  regulations  must  still  be 
obxrved  notwithsunding  anything  xt  forth  in  the  xcrecy  order  of  the  Commissioner  of  Patents. 


March  I962 


Report  No.  0255-01-13 
( Qiiarterljr) 


RESEARCB  IN  FLUDRO-NITRO  COMPOUNDS 


Contract  Nonr  2655(00} 

AREA  Order  Nb.  I7O-6I,  Project  Code  9100 


Written  by: 

K.  Baum 
V.  Grakauskas 


No.  of  Pages:  63 
Period  Covered: 

1  December  I96I  through  28  February  1962 


Approved  by: 

A,  ;  L.  R.  Rapp,  Manager 

Chemical  Pioducts  Division 

t 

NOTE:  This  document  contains  information  affecting  the  national  defense  of  the 
United  States  within  the  meaning  of  the  Espionage  Laws,  Title  18,  USC,  Sections 
793  and  794.  Tlie  tiansraission  or  the  revelation  of  its  contents  in  any  maimer 
to  an  unauthorized  person  is  prohibited  by  law. 


GROUP  4 


Downgraded  at  3-Year  Intervals 
Declassified  After  12  Years 
DOD  Dir.  5200.10 


J.  R.  Fischer,  itept.  5l2 
AGC  Official  Certifying  Class.  1^  and/or  Group 
Indicate  Name  (l^ped  or  Printed)  Signature  and  Dept.  No. 


AEBWrET-GENERAL  CORPORATION 
Azusa,  California 


CONFIDENTIAL 


Iteport  Ife.  0?35-01-13 

o 


9 


ABSTRACT 

5,5-Dlnitro-2,2-bls(dlfluoraad.no)hexane  and  5>5>5-trlnltro-2,2-bis(difluora- 
iDlno)peataiie  were  prepared  from  the  corresponding  nltroketones  and  difluoramine 
*  in  sulfuric  acid  under  pressure. 

© 

t-Butyl^fluoraxnine  was  absorbed  b^  sulfuric  acid  without  gas  evolution. 
Hydrolysis  of  the  Intermediate  gave  acetone  quantitatively. 

Difluoramine  was  added  for  the  first  time  to  a  slnq>le  linear  olefin 
(l-octene).  , 

Preliminary  evidence  was  obtained  suggesting  the  formation  of  t-butoxy- 
dlfluoramlne  from  t-butylhydroperoxlde  and  difluoramine. 

Ethyl  N-fluorocarbamate  reacted  with  aliphatic  aldehydes  In  the  presence  of 
a  trace  of  hydrochloric  acid  to  give  the  corresponding  monoadducts  and  dladducts. 
Adducts  of  ethyl  N-fluorocarbaraate  and  olefins  (octene-1,  ethyl  vinyl  ether, 
methyl  acrylate)  were  also’prepared  In  the  presence  of  mineral  acids. 

Ibe  reaction  of  ethyl  N-fluorocarbamate  with  sulfuric  acid  gave  an  unstable 
compound  that  reacted  with  n-butyraldehyde  to  give  n-butyronltrile,  as  would  be 
expected  for  fluoramine. 

Aqueous  fluozlnatlon  of  the  butyraldehyde  -  ethyl  N-fluorocarbamate 
dladduct  resulted  In  the  replacement  of  one  of  the  carbethoxy  groups  by  fluorine. 
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I.  IHTBOimilON 

The  objective  of  this  program  is  to  develop  new  methods  of  preparing  high- 
energy  materials  of  interest  for  military  applications.  IXjring  this  report 
period  work  was  continued  on  the  alkylation  reactions  of  difluorazoine  and  the 
aqueous  fluorination  reaction.  A  study  of  the  reaction  of  fluorocarbamates  with 
carbonyl  and  unsaturated  compounds  was  also  initiated. 

II.  TECHNICAL  DISCUSSION 

A.  REACTIONS  OF  DIFLUDRAMINE  (K.  Baum) 

1.  PiBcussion 

a.  Nitroketones 

devious  attenqpts  to  convert  5>5"^iii'fcro-2-hexanone  and 
5,5,5-trinitro-2-pentanone  to  the  gem-dlfluoramines  resulted  only  in  the  recovery 
of  linchanged  starting  material.*  5-Nitro-2-hexanone,  however,  yielded  5-nitro- 
2,2-bi6(dlfluoramino)-hexane,  althou^  a  considerable  amount  of  starting  material 
was  also  recovered.**  Hie  sluggishness  of  this  reaction  suggested  that  the  poly- 
nitroketones  might  also  react  with  difluoramine  vinder  more  severe  conditions. 

Difluoramine  reactions  have  usually  been  carried  out  in 
these  laboratories  at  atmospheric  pressure  at  the  reflux  teii5>erature  of  difluora¬ 
mine  over  sulfuric  acid  (-10  to  -20°C).  With  this  method,  the  reaction  periods 
cannot  conveniently  be  extended  beyond  6  or  7  hours.  In  order  to  prolong  the 
reaction  time  and  also  to  permit  the  use  of  a  higher  temperature,  glass  pressure 
vessels  with  Fisher-Porter  Teflon  needle  valves  were  used. 

*AeroJet-General  Report  No.  0255-01-10,  l4  April  I96I,  p.  8  (Confidential). 
**AeroJet-General  Report  No.  2099»  November  I96I,  p.  9  (Confidential). 
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5,5-Dlnitro-2-hexanone  was^thus  treated  with  an  excess  of 
dlfluoranlne  in  100j(  sulfuric  acid  for  20  hours  at  ainblent  tenperature.  A  solid 
product  insoluble  in  the  sulfuric  acid  vas  formed;  this  insolubility  allowed  the 
convenient  isolation  of  the  product  by  x^bysical  separation.  In  the  previous 
preparation  of  3~nltro«2|2-bls(dlflu0raiQino)hexane,  on  the  other  hand,  a  tedious 
column-chromatography  purification  was  necessary  because  of  the  slodlarlty  of  the 
properties  of  the  starting  material  and  the  product,  "nie  melting  point  of  the 
product  from  the  dlnltroketone,  did  not  change  after  sublimation.  Infrtred 

and  nuclear-magnetic-resonance  (NMR)  spectra  (Figures  1  and  2,  respectively)  and 
elemental  analysis  were  used  to  identify  this  material  as  5>5“dinitro-2,2-bi3(di- 
f luoramlno)hexane : 


NO, 


NO, 


CHjCCHgCHgCCHj 


-> 


CHjCCHgCHgCCHj 


NO, 


HF, 


NO, 


o 


Ibe  quenching  of  the  sulfUric-acid  solution  with  ice 
resxjlted  in  the  recovery  of  h7%  of  the  original  starting  material.  Ihus,  a  longer 
reaction  time  is  Indicated  for  the  optisum  yi^ld. 

Hie  reaction  of  5,5,5-trinitro-2-pentanone  with  difluora- 
mine  was  attempted  with  the  seune  apparatus  used  for  the  dlnitroketone,  and  the 
reaction  period  was  extended  to  ^  hours.  The  same  coiarse  was  followed.  The 
product  (np  42°C)  also  was  insoluble  in  concentrated  sulfuric  acid.  It  was 
identified  as  5^5^5"trinltro-2,2-bis(dlfluoramino)pentane  by  means  of  its  infrared 
and  NMR  spectra  (Figures  5  and  4,  respectively)  and  by  elemental  analysis: 

0  NF2 

CH^CCH^CH^C(NO^)^ - >  CH^CCH^CH^C(NO^)^ 

NFg 

The  conversion  amounted  to  55^^#  find  approximately  10^  of  the  starting  material 
was  recovered  from  the  acid  layer. 


The  NMR  spectra  are  discussed  lu  the  sections  dealing  with  experimental  results. 
H.  M.  Nelson  carried  out  NMR  analysis  and  interpretation. 
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iB^act  stability  and  differential-thermal-analysis  (DTA) 
data  for  5,5-dlnltro-2,2-bis(dlfluctt«inlno)hefflne  and  5,5,5-tnnitro-2,3-bi8(dl- 
fluoraadno) -pentane  are  tabulated  below. 


5.5-Dinltro-2,2- 
bls?  dlfluoramlno)hexane 

5,5#5-l!rinltro-2.2- 
bl8( dlfluoramino) - 
pentane 

RDX 

Inpact  stability,  cm/2  kg 

100^  detonations 

20 

10 

ItO 

30^  detonations 

16 

6.8 

28 

(yf>  detonation 

Ik 

5 

21 

RTA  exotherm,  °C 

1ST 

159 

- 

These  conpounds  are  surprisingly  stable  when  it  is 

con- 

sidered  .that  5,5,5-trinltro-2,2-bis(dlfluQrainlno)pentane  Is  In  almost  the  exact 
stoichiometric  bedance  fo^*  decon^josition  to  00,  HF,  Ng,  and  HgO.  !nie  melting 
points  are  low  enough  for  these  materials  to  merit  consideration  as  plasticizers 
for  propellant  foxnulatlons  utilizing  both  ojQrgen  and  fluorine  oxidizers. 

b.  Olefins 

Ibe  addition  of  difluoramine  to  siii5)le  olefins  has  been 
accougjlished  only  with  example s  capable  of  forming  tertiary  carbonlum  ions,  such 
as  isobutylene.  Attempts  to  extend  this  Reaction  to  unbranched  olefins  have  led 

only  to  decomposition.  However,  refection  at  the  terminal  carbon  resulted  in  the 

** 

case  of  conjugated  olefins,  such  as  acrylic  acid. 

The  isobutylene  adduct,  t-butyldifluoramine,  has  been 
reported  to  be  unstable  in  sulfuzdc  acid,  yielding  a  mixture  of  acetone  and  2- 
difluorainlno-2-propanol.  llJe  failure  to  form  2, 2-bis(dlfluoramino) propane 
in  this  reaction,  despite  a  large  excess  of  difluoramine,  suggested  that  the 

*Rohm  8s  Haas  Conpany  Report  P-60-18,  18  November  i960,  p.  22  (Confidential). 
Aerojet-General  Report  0255-01-11,  l4  July  I96I,  p*  3  (Confidential). 
Aerojet-General  Report  3099#  November  I96I,  p.  10  (Confidential). 
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acetone  vas  not  fozmed  In  the  sulfurlc-acld  solution,  hut  rather  was  formed 
®  during  the  subsequent  quenching  with  water. 

In  order  to  test  this  hypothesis,  a  sasgtle  of  t-butyl- 
dlfl\iorainlne  was  Introduced  Into  a  bulb  containing  some  sulfuric  acid,  nie 
pressure  in  the  bulb  began  to  decrease  isnediately  after  the  t-butyldifluoraMne 
vas  injected,  becoming  of  the  theoretical  value  for  a  molar  amount  of  perfect 
gas  in  4  hours,  and  5^  in  2  days.  The  quenching  of  the  sulfuric  acid  with  ice 
then  gave  a  quantitative  yield  of  acetone.  Thus,  a  nonvolatile  intermediate  is 
formed  in  the  reaction  of  t-butyldlfluoramlne  with  sulfuric  acid,  and  dlfluoramine 
is  not  liberated. 

A  plausible  intermediate  for  this  reaction  is  2-(dlfluor- 
afflino)-2*methyl-l-propanesulfonlc  acid,  which  mi^t  be  formed  from  the  direct 
sulfonatlon  of  t-butyldlfluoramlne.  Isobu^lene,  formed  from  the  reversal  of 
the  dlfluoramine  all^latlon  reaction,  could  also  be  sulfonated,  followed  by  the 
alltylatlon  of  dlfluoramine: 

(CHj)jCNF2  — 

(c:v),CNF  ■■  ^ 

•  J  J  \ 

C(CHj)2  »  CH2  ■  ■  ■■■  ">  H0C(CHj)'2CH2S0jH 

HNF  ^ 

^r+)C(CHj)2CH2S0jH  - ^  ISP2C  -  CH2SOJH 

CH3 

The  hydrolysis  of  this  sulfonic  acid  would  yield  methanesulfonic  acid,  difluor- 
amine,  and  acetone: 

H  0 

BFg  -  0  -  CHgSO  H - S - >  HBFg  +  (OHj)gCO  +  Cl^SOjH 
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CHj  -  c  -  CH2SO3H  +  n^o 

C(CHj)2  »  CH2  +  HNF2 
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Sulfonation  could  also  be  the  cause  of  the  failure  to  form 
dlfluoramine  adducts  troa.  slu^ile  unbranched  olefins.  An  atteiqpt  was  therefore 
made  to  add  dlfluoramine  to  l«octene  with  only  a  catalytic  aoiodnt  of  sulfuric 
acid;  however,  the  unchanged  starting  material  was  recovered.  In  another 
atteiqpt,  the  olefin  was  added  to  a  refluxing  mixture  of  dlfluoramine  and  sulfuric 
acid,  using  the  standard  conditions,  with  the  exertion  that  as  soon  as  the 
addition  was  flnli^d,  the  mixture  uas  poured  over  Ice.  In  this  e:^rlment  a 
9f>  yield  of  dlfluorandnooctane  imis  Isolated,  as  veil  as  a  large  amount  of 
viscous,  undlstlUable  residue,  nie  dlfluoramlnooctane  was  Identified  by  means 
of  Its  Infrared  spectrum  (Figure  5)  cuid  elemental  analysis.  The  yield  should  be 
In^iroved  by  a  more  rapid  addition  of  the  olefin  to  the  HNFg-HgSOj^,  using  cooling. 
Because  the  NMR  spectrum  Is  not  yet  available,  the  direction  of  addition  Is  not 
established.  It  seems  reasonable  to  ejqpect  the  Introduction  of  the  dlfluoramlno 
group  to  take  place  at  the  secondary  position; 


An  additional  exanple  of  the  Michael  addition  of  dlfluor¬ 
amine  to  a,p-un8aturated  acids  was  also  examined.  Thus,  the  reaction  of  crotonic 
acid  with  dlfluoramine  In  sulfUrlc  acid  proceeded  smoothly  to  give  a  1-to-l 
adduct,  as  shown  by  elemental  analysis.  Although  the  NMR  spectrum  Is  not  yet 
available.  It  can  be  asevuned  on  the  basis  of  analogous  reactions  that  the 
dlfluoramlno  group  entered  Into  the  3  position: 


CHjCH 


HNF, 


CHOOOH 


HF, 

I  2 

CHjCHCHgCOOH 


Figure  6  shows  the  Infrared  sjiectrum  of  the  adduct, 
c.  Peroxides 

Several  possible  courses  can  be  envisioned  for  the  reaction 
of  alkyl  hydroperoxides  and  dialkyl  peroxides  with  dlfluoramine  in  acid.  Thus, 


Page  5 


CONFIDENTIAL 


♦  c 


CONFIDENTIAL 


II  Technical  Clsciisslon,  A  (cont.)  Report  Mb,  O235-OI-13 

t-butylhydroperoxide  could  he  protonated  at  the  hydroacyl  oxygen  and  lose  water 
to  form  a  positive  oxygen  species.  Bils  Intenaedlate  might  displace  a  proton 
from  dlfluoramlne  to  form  an  O-NP^  eon?xxmd,  or  might  undergo  methyl  migration 
to  give  an  acetone  derivative.  On  the  other  hand,  protonation  of  the  alkyl 
oxygen  and  loss  of  hydrogen  peroxide  would  yield  t-hutyldlfluoramlne.  These 
reactions  are  shown  below. 


CHj-C-NFg 

When  dlfluoramlne  was  oUowed  to  reflux  over  t-butylhydro- 
peroxlde  In  the  absence  of  acid,  no  evidence  of  reaction  was  observed.  The  drop- 
wise  addition  of  sulfuric  acid,  however,  resulted  In  a  very  vigorous  reaction, 
and  cooling  was  required  to  keep  the  tenq^rature  under  control.  After  an  excess 
of  acid  had  been  added,  the  product  was  imaedlately  pumped  off.  The  infrared 
spectrum  of  this  material  indicated  that  it  was  mainly  t-butyldlfluoramine. 

A  similar  reaction  was  carried  out  using  dl-t-butyl- 
peroxlde  as  the  starting  material;  the  volatile  product  in  this  case  was  also 
t-butyldlfluoramine : 

HMP 

(c^)^0»F3 


CONFIDENTIAL 


Page  6 


CONFIDENTIAL 


n  Ttectaical  mscoeslon,  A  (cont.)  Ifeport  Ito.  og5-01-13 

® 

The  foxmtion  of  t-butyldifluorandne  from  t-butylhydro- 
peroxlde  does  not  necessarily  Indicate  that  the  Initial  heterolysis  takes  place 
at  the  alkyl*0391ESen  bond*  This  product  nlc^t  also  he  fozined  by  an  oxygen-ojQrgen 
cleavage  to  form  the  ONFg  confound,  with  a  subsequent  cleavage  of  the  C-0  bond  of 
this  product  to  give  a  carbonlum  lon«  A  possible  means  of  reducing  or  eliminating 
this  degradation  Is  the  use  of  a  min'! mm  quantity  of  acid  to  catalyze  the  reaction* 

An  e3q)erliBent  was  therefore  carried  out  in  which  only  one 
drop  of  sulfuric  acid  was  added  to  a  mixture  of  t-butylhydroperoxide  and  difluor- 
arnlne*  After  the  exothermic  reaction  subsided,  the  excess  difluoramine  was  re¬ 
moved.  Two  liquid  phases  remained,  one  of  Tdilch  appeared  to  be  water.  The 
organic  phaise  was  taken  up  with  solvent  and  its  Infrared  spectrum  was  determined. 
There  was  virtually  no  starting  material  or  t-butyldlfluoramlne  present,  but 
there  were  peaks  at  5.9,  6.2,  7*5,  7*7,  8.4,  8.7,  10.3,  and  U.5  microns.  The 
solvent  was  distilled  from  the  solution,  but  the  sanple  fumed  off  as  soon  as  the 
solvent  was  removed* 

Although  mojre  work  Is  obviously  needed  before  the  course 
of  this  reaction  can  be  definitely  established,  the  formation  of  water  and  the 
Infrared  spectrum  of  the  organic  product  are  consistent  with  the  formation  of 
t-butoxydifluoramine : 

{CBjjjO^H  (OHjjjOOKPj  *  HgO 

d.  Miscellaneous  Reactions 

nie  reactions  of  both  acetonylacetone  and  levulinlc  acid 

with  difluoramine  in  concentrated  sulfuric  acid  previously  gave  cyclic  products 

* 

rather  than  gem-dif luoramines ;  "  '  • 


CHjCJOCHgCHgCOCHj 


BPg  HFg 
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CHjCOCHgCaJgOOgH 


C  »  0 


The  resLilts  of  the  work  vlth  nltroketones,  however,  suggested  that,  under  more 
drastic  conditions,  these  rings  ndc^  be  opened  to  form  the  desired  gem-difluor- 
anlnes.  Ihese  reactions  were  therefore  repeated  in  a  pressure  reactor  at  ainblent 
tenQierature,  using  reaction  periods  of  44  and  40  hours,  respectively.  Fuming 
rather  than  concentrated  sulfuric  acid  was  used.  In  both  cases,  however,  only 
the  previously  obtained  heterocyclic  products  were  Isolated. 

A  SDiall  amount  of  additional  work  was  done  on  the  addition 
of  dlfluoramlne  to  etho^^'acetylene.  !Ihe  products  were  found  to  be  unstable, 
decoiqposlng  even  after  storage  for  1  day  in  a  refi'igerator.  In  one  case  a  small 
saxr^le  exploded  during  an  attec^t  at  gas  chroiiatography. 

Ihe  product  Isolated  previously  from  the  reaction  of 
dlcyclohexylcarbodilmide  was  found  to  contain  no  fluorine.  No  further  work  was 
done  with  this  material. 

2.  Experimental 

a.  3,3-Dlnltro-2,2-bis(difluoramlno)hexane 

A  solution  of ^.9  g  (O.Ol  mole)  of  575-dlnltro-2-hexanone 
in  40  ml  of  100^  sulfuric  acid  was  placed  in  a  glass  pressure  vessel,  and  approxi¬ 
mately  6  g  of  dlfluoramlne  was  condensed  over  this  solution.  After  the  mlxtvu'e 
was  allowed  to  stand  at  asiblent  ten^rature  for  20  hours,  the  dlfluoramlne  was 
vented  off.  A  solid  phase  was  present  above  the  sulfuric  acid;  it  was  separated, 
dissolved  in  methylene  chloride,  washed  with  water,  dried  over  sodium  sulfate, 
and  stripped  of  solvent.  Hie  residue  consisted  of  0.5  g  (O.OOlS  mole,  iSjt 
conversion,  34^t  yield)  of  white  solid  (mp  47°C).  An  analytical  sample  was  sub¬ 
limed  at  0.1  ram  Hg  with  a  100°C  bath. 

Anal.  Calcd.  for  C,  25.9#  H,  N,  20.1;  F,  27. 3»  Found; 

C,  26.0;  H,,3.47;  N,  19.8;  F,  26.7. 
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nie  sulfUrlc-acid  layer  waa  poured  over  ice  and  was 
extracted  with  methylene  chloride  to  yield  0*90  g  (O.CX>Vr  mole,  47^  recovery) 
of  the  starting  material* 

nie  proton-)MR  spectrum  of  the  product  (Figure  2)  was 
obtained  In  a  carbon  tetra(^Qrlde  solution,  with  tetramethylsllane  (TMS)  as  an 
internal  standard.  The  hlc^r-fleld  methylene  multiplet  is  nearly  obscured  by  an 
intense  signal  at  7.93  (T  units)  that  is  assigned  to  -C(II02)2CH^  protons*  The 
spectrum  is  consistent  with  the  following  structure:  C^>C(N02)2CH2^2^^^2^2^^* 

h*  5j5j5-Trinitro-2,2-bi8(dlfluoramino)pentane 

A  solution  of  2*2  g  (0*01  mole)  of  5,5,5-trinitro-2- 
pentanone  in  1|0  ml  of  100^  sulfuric  acid  vas  treated  with  approximately  6  g  of 
difluorandne  at  ambient  ten^)erature  for  40  hours  in  a  pressure  reactor*  Ihe 
dlfluoramlne  was  then  vented;  the  acld^insoluble  solid  was  separated,  dissolved  in 
methylene  chloride,  washed  with  water,  and  dried  over  sodium  sulfate*  Removal  of 
the  solvent  left  1*64  g  (0*0053  mole,  conversion)  of  white  solid  {wp  42°C). 

Anal*  Calcd*  for  C,  19.4;  H,  2.27;  N,  22.7;  P,  24.6.  Found: 

C,  19.5;  H,  2.32;  N,  22.6;  F,  24.8* 

The  quenching  of  the  sulfuric~acid  layer  with  ice  yielded 
0*5  g  of  an  approximately  equal  mixture  of  5#5#5-trlDltro-2-pentanone  and  5,5j5- 
trinltro-2,2<-bl8(difluorainlno)pentane,  as  shown  by  the  infrared  spectrum.  The 
proton- NMR  spectrum  of  the  product  (Figure  4)  was  obtained  in  carbon  tetrachloride 
solution,  with  TMS  as  an  internal  reference.  The  terminal-methyl-group  signal 
appears  at  8*29  (T  value).  It  is  split  into  a  quintet  by  the  two  -IJF  groups  on 

•  ••  C 

the  adjacent  carbon.  The  signals  from  the  two  methylene  groups  (at  6.84  and  7.46) 
form  what  is  approximately  an  A2X2  spectrum.  Of  the  two  multiplet s,  the  higher- 
field  one  shows  evidence  of  additional  splitting  and  therefore  probably  represents 
the  methylene  group  adjacent  to  the  carbon  bearing  the  two  NF2 
spectrum  is  consistent  with  the  following  structure:  (N02)jCH2CH2C(NF^)2CHj. 

c.  Reaction  of  t-Butyldifluoramine  with  Sulfuric  Acid 

A  glass  bulb  (total  volume  36O  ml)  fitted  with  a  monometer 
and  a  septum  was  loaded  with  20  ml  of  concentrated  sulfuric  acid  and  was  evacuated. 
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fi) 

t-Bityldlfluorcunlne  (l.O  g,  0.0092  mole)  was  injected,  resulting  in  an  inmedlate 
pressure  increase  to  132  am.  The  pressure  decreased  rapidly,  hecoming  43  nn  in 
4  hours  and  26  nan  (0.0005  nole  as  a  perfect  ges)  in  2  days.  Ihe  sulfuric-acid 
solution  was  then  poured  over  100  ml  of  ice,  and  the  product  was  extracted 
vigorously  with  20  ml  of  methylene  chloride.  The  methylene  chloride  solution 
was  dried  over  sodium  sulfate  and  was  analyzed  by  infrared  spectroscopy.  Kie 
product  was  found  to  be  acetone,  end  measiarement  of  the  Intensity  of  the 
carbonyl  peak  indicated  0.009  mole  of  acetone. 

d.  ^-(DLfluora2nino)butyric  Acid 

DLfluoramine  (about  8  g)  was  refluxed  over  2.86  g  (0.03 
mol  yyft  assay)  of  crotonlc  'acid,  auid  17  ml  of  20^  fuming  sulfuric  acid  was 
addea  u  ^pwlse.  The  refluxing  of  the  dlfluoramine  was  continued  for  4-l/2  hours, 
and  the  excess  dlflucrainlne  was  then  removed.  The  homogeneous  acid  solution 
was  poured  over  100  ml  of  ice,  and  the  product  was  extracted  with  three  50-ml 
X>ortlons  of  methylene  chloride,  was  washed  with  50  ml  of  water,  and  was  dried 
over  sodium  sulfate.  Dlstilletlon  yielded  1.27  g  (O.OO91  mole,  3456  yield)  of 
0-(difluoramino)buty3rlc  acid  (bp  58°C/0.8  mm). 

• 

Anal.  Calcd.  for  Cj^H^gOg.*  C,  3^*5;  H,  5.04;  N,  10.1;  F,  27.4,  Found: 

C,  34.O;  H,  4.64;  N,  10.3;  F,  27.O. 

e.  DLfluoramlnooctane 

1-Octene  (3.56  g,  O.03  mole)  was  added  ovej;  a  45-min 
period  to  a  reflxixing  mixture  of  I5  ml  of  sulfuric  acid  and  approximately  7  g  of 
dlfluoramine.  When  the  addition  was  cougleted  and  no  further  exothermic  reaction 
was  evident,  the  mixture  was  poured  over  30O  ml  of  ice.  The  product  was  extracted 
with  five  50-ml  portions  of  methylene  chloride.  The  methylene  chloride  solution 
was  washed  with  100  ml  of  water  and  was  dried  over  sodium  sulfate,  and  the  solvent 
was  distilled  off.  Distillation  of  the  residue  yielded  0,50  g  yield)  of 
crude  (90^  by  gas-chrOTnatographic  analysis)  dlfluoraminooctane  (bp  IiO°/4.5  ran).  ’ 

A  viscous,  undlstillable  residue  (1,9  g)  remained.  The  distillate  was  purified 
by  gas  chromatography  to  obtain  samples  for  analysis  and  infrared  spectra. 

Anal.  Calcd.  for  CgH^^IIFg:  C,  58.2;  H,  10.3;  N,  8.5O;  F,  23. 1.  Found: 

C,  57.8;  H,  10.4;  N,  8.23;  F,  23.7! 
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B.  RSACnONS  0?  ETHYL  N-FLUOEOCARBAMAXE  (V.  (kakauakaa) 

1.  Djacuselon 

a.  Acid  Hydrolyals 

H-Fluorocarbanatea  are  potential  starting  materials  for 
the  prex>aratlon  of  the  hltlierto  tmknown  flnoramlne.  nius,  ethyl  H^fluorocarba- 
nate  nl{^t  undergo  an  acld*catalyzed  hydrolysis  as  follows: 

NHPOOOCgBj  H^NP  +  OOg  +  CgH^OH 

Ethyl  N^fluorocarbanate  was  found  to  be  soluble  In  con¬ 
centrated  sulfuric  acid  without  decos^osltion  at  25°C.  The  solutions  were  stable 
at  1*0  to  50°C  for  several  hours.  However,  a  reeictlon  occurred  when  the  ethyl 
N-fluorocarbamate  solution  In  concentrated  sulfuric  acid  wbis  heated  to  60  to  73  C, 
with  the  evolution  of  carbon  dioxide.  The  resulting  sulflnrlc-acid  solution  under¬ 
went  no  further  visible  changes  even  when  heated  to  95  to  100°C  and  kept  at  this 
temperature  for  several  hours.  On  atten5>ted  distillation  at  reduced  pressures, 
or  extraction  with  methylene  chloride,  this  sulfurlc-acid  solution  gave  only  a 
small  amount  of  diethylsulfate.  When  this  acid  solution  was  poured  on  Ice,  the 
resulting  aqueous  solution  had  strong  oxidizing  properties;  however,  the  oxidizing 
power  gradually  faded  on  standing.  At  the  same  time  a  nonoxidizing  gaseous 
decon^josltion  xuroduct  was  evolved;  it  failed  to  absorb  in  the  inftrared  and  was 
assumed  to  be  nitrogen. 

On  the  basis  of  the  above  observations,  it  was  postulated 
that  ethyl  N-fluorocarbamate  reacted  with  concentrated  sulfuric  acid  at  elevated 
tenqperatures,  with  the  formation  of  either  W-fluorosulf and c  acid  or  N-fluoro- 
ammonlTim  sulfate: 

HHFCOOCgH^  +  HgSOj^ - ^  NHFSO^H  or  NHjF^HS0]| 

The  reaction  product  with  sulfuric  acid  apparently  underwent  a  rapid  hydrolysis 
to  fHiicttanrine  'vibon  Its  sul fiiric-aol d  solution  was  poui^d  on  ice: 


NHFSOjH  +  HgO  - >  jHgNF  j  +  HgSOj^ 
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or 

llHjP®+  HgO - >  [h^  +  HjO'*’ 

The  fluoramlne  apparently  vas  not  stable  under  these  conditions  and  probably 
decomposed  into  nitrogen  and  hydrogen  fluoride: 

2  HgKP - f  Ng  +  2  HP  +  2  H*"  (or  Hg) 

If  the  above  considerations  are  correct,  fluoramlne  vas  produced  ^  situ  idien  the 
sulfuric  acid  hydrolysis  product  of  ethyl  N-fluorocarbamate  vas  diluted  vlth 
vater.  To  obtain  additional  evidence  in  support  of  these  possibilities,  an 
e:q>eriment  van  carried  o^l.  vlth  the  objective  of  Isolating  the  fluoramlne  as  a 
derlvatl\c«  Thus,  the  sulfuric  acid  reaction  product  of  ethyl  N-fluorocarbamate 
vas  poured  on  a  butyraldefayde'lce  mixture.  It  veis  expected  that  under  these 
conditions  the  fluoramlne  produced  situ  vould  react  vlth  the  aldehyde, 
resulting  in  the  formation  of  either  monoadduct  or  diadduct: 

CjH^CHO  +  HgHF - >  Cja^CH(OH)NHP  and/or  CjH^CH(HHF)g 

These  adducts  vere  expected  to  be  more  stable  than  fluoramlne  itself,  and  thus 
capable  of  isolation.  The  product  of  this  recu^tlon,  hovever,  vas  identified  as 
n-butyronltrlle.  Apparently",  the  e:qpected  monoadduct  vas  produced,  but  it  vas 
unstable  under  these  reaction  conditions  and  undervent  deconposltlon  to  butyro- 
nltrlle: 

-V  -HP 

C^a^CHO  +  HgNP - 2 ^  CjH^CH(OH)NHF - ^  «  NF - H  N 

Similar  reactions  of  aromatic  aldehydes  vlth  chloramine  have  been  reported  by 
Hauser  and  GlUa^le. 

The  reaction  of  butyraldehyde  and  fluorainine  has  been 
carried  under  arbitrarily  chosen  conditions,  and  it  is  possible  that  shorter 

■  - __  -  -  r  -- 

R.  C.  Hauser  and  A.  G.  GlUasple,  J.  Am.  Chem.  Soc.,  32,  4517  (l930)« 
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reaction  tines  and  lover  tenperaturee  vUl  allow  the  Isolation  of  the  inter- 
medlates  leading  to  the  hutyxonitrile.  Ihe  possibility  of  synthesizing  fluorinlno 
conqpounds  ftrom  ketOMS  is  under  investigation.  IMs  reaction  would  not  only 
indicate  the  presence  of  fluoranine,  but  would  also  provide  a  new  route  to 
fluorinlno  con^iounds: 

H-0^ 

RR*C  -  0  +  jHgNF I  —  RR»C(0H)NHP  BR*C  =  NP 

b.  Reactions  with  Carbonyl  Coii^)ounds 

Reactions  of  carbanates  with  carbonyl  ccxqpounds  are 

* 

described  in  the  literature.  Kraft  and  Rerbst  shoved  that  carbanates  react  with 
aldehydes  to  give  the  corresponding  diadducts: 

V* 

BCHO  +  MHgCOOR*  — ■< - >  RCHdiHOOOROg  +  HgO 

• 

These  reactions  are  catalyzed  by  catalytic  amounts  of  mineral  acids,  and  only 
diadducts  are  obtained.  The  only  monoadduct  reported  is, that  of  formaldehyde, 
which  is  synthesized  under  basic  reaction  conditions.  The  fomaldehyde'carbanate 
nonoadducts  are  not  stable  in  the  presence  of  acids  and  undergo  disproportionation 
to  dladducts.  With  the  exception  of  pyruvic  acid,  \diich  gives  the  corresponding 
dladduct,  ketones  do  not  react  with  carbamates  under  these  conditions. 

Reactions  of  dlfluoramine  with  aldehydes  or  ketones  to 
give  either  monoeidducts  or  dladducts,  dex>endlng  on  the  reaction  conditions,  are 
well  known. 

Monofluorocarbanates  can  be  considered  to  be  structurally 
similar  to  carbamates  and  to  difluoranlne;  they  were  therefore  e:q)ected  to  react 
with  carbonyl  cosipounds. 

It  was  found  that  ethyl  N-fluorocarbamate  reacts  reewiily 
with  aqueous  formaldehyde  to  give  the  corresponding  monoadduct  quantitatively: 


*W.  M.  Kraft  and  R.  M.  Herbst,  J.  Org.  Chem.,  10,  485  (1945). 
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(HpO) 

HHFXJOOC^  +  HCKO - ^  HOCHg-HPOOOCgH^ 

>Ph*»  structure  of  this  material  vas  established  on  the  basis  of  its  elemental 
analysis,  infrared  spectrum  (Figure  7)>  protai-liffl  spectrum  (Figure  8),  and 
F^^-mR  spectrum  (Figure  9).  The  reaction  was  carried  out  at  room  tenqperature 
in  the  presence  of  a  catalytic  amount  of  hydrochloric  acid.  Attempts  to 
synthesize  the  dladduct  of  formaldehyde  by  using  an  excess  of  N-fluorocarbamate 
were  unsuccessful,  and  a  mixture  of  monoadduct  and  unreacted  N-fluorocarbasiate 
was  isolated.  Urns,  the  reaictlon  of  ethyl  N-fluorocarbemate  with  formaldehyde 
is  not  analogous  to  the  reactlcxi  of  ethyl  carbamate,  but  more  closely  resembles 
the  foxmaldehyde-dlfluoremlne  condensation. 

Hie  dladduct  of  foxnaldehyde  and  ethyl  N-fluorocarbamate 
was  prepared  by  a  stepwise  synthesis.  An  equimolar  mixture  of  ethyl  H-fluoro- 
carbamate  and  ethyl  N-fluoro-N^hydros^methylcarbamate  (monoadduct  of  formaldehyde) 
was  heated  for  several  hours  in  the  presence  of  a  drop  of  concentrated  hydro¬ 
chloric  acid;  this  procedure  resulted  in  the  preparation  of  the  desired  dladduct: 

TV  *+ 

• 

HHPCXWCgHj  +  HCX»2NFCXX)C2H^  g5.fo°C»  CH2('®«0C^5)2  ^  Hz® 

A  quantitative  yield  of  the  product  in  20^  conversion  was  obtained  under  these 
conditions.  Ihe  product  was  found  to  be  identical  with  the  hl^-boiling  material, 
formed  in  the  direct  fluozinatlon  of  diethyl  methylenedicarbamate,  for  which 

* 

the  structiire  of  diethyl  N,Nidlfluoromethylenedlcarbamate  had  been  established. 

Butyraldehyde  reacted  with  ethyl  N-fluorocarbamate  in  the 
absence  of  a  solvent  to  give,  depending  on  the  reaction  conditions,  either  the 
monoadduct  or  the  diadduct: 

ILO'*' 

n-CjH^CHO  +  HNPCOOC^  — ^ ?  n-CjHyCH(0H)NPC00C2H^  or  n-CjH^CH(NFC00C2H^)2 
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cM^oo^d  iy  .  t»«.  of  B»  «mo.aaaot «. 

foond  to  te  wry  unrtttle,  tn  thl.  c«e,  tart  it.  rtructur.  «.  pro«d  ijr  ««..  of 
the  InfMxed  md  proton-WB  .peotw  (figure.  10  Md  U,  renertleely)  «od 
elewntio.  eoldyri..  On  dlrtllUtloo,  or  on  prolonged  rtmding,  the  produ 
— ..-iiy  aienciated  to  glre  the  parting  mterlnl.  end  poeriMy  .one  dlnddnc  . 
n«  dlndduct  of  butyreldrtrle  «.  ohtnlned  in  80  to  85*  yield,  under  re«rtion 
condition,  that  uere  rtniUr  to  tho«  u..d  for  the  prep«»tion  of  the  nonoadduot, 
except  that  a  tuofold  Mlar  «»unt  of  N-floorocarhamte  «.  laed.  Ihe  .tructure 
of  the  coopound  «a  ertahUehed  hy  nean.  of  elemental  ttalysi.  and  Infrared  ud 
proton-mR  apactra  (figarea  12  Mid  IJ,  reepectlvely).  The  diadduct  va.  found  to 
he  .taua  on  dirtUUtion  and  could  he  etored  for  prolonged  period,  at  room 
teniperaiture  without  noticeable  change#. 

Several  initial  atten?)tf  have  been  made  to  react  ethyl 
H-fluorocertainate  uith  katona.  to  ^nrthertze  the  corren«ndl"e  nonoadduot  or 
diadduct: 

RR>C0  +  HfflCOOO^  - )  BR'C(OB)IirOOOC^  Mld/or  VR'CimXXX^)^ 

It  ua.  found  that  3-pentanone  do<»  not  react  uith  ethyl  H.fluorocarhan.te  under 
the  reaction  condition,  uaed  to  aynthcize  the  nonoMiduot.  and  diadduct.  of 
aldehyde..  On  the  other  hMid,  .hen  the  reaction  w  carried  out  under  the 
conditions  u«d  for  the  preparation  of  g@5Hilfl110rM.dno  compound,  (i.e.,  in  con¬ 
centrated  Milfurlc  cold,  uelng  a  l-to-2  molar  ratio  of  reagent.),  a  vigorous  gas 
evolution  re»lted  ev«.  at  0  to  S^C  Mxl  half  of  the  N-fluorocartamate  ».  re- 
covered.  The  ga.eou.  reaction  product  ».  found  to  he  a  mixture  of  carhon  dioxide 
and  ethylene.  The  fate  of  the  3-pentanone  in  thi.  rMUrtlon  1.  not  yet  too™. 

A  reaction  occurred  vhen  the  diadduct  of  n- 

butyraldehyde  vas  reacted  with  concentrated  sulfuric  acid  at  0  to  5°C.  In  this 
case,  too,  a  vigorous  gas  evolution,  took  place  and  the  ^seous  reaction  produc 
was  shown  to  be  a  mixture  of  carbon  dioxide  and  ethylene.  n-Butyronitrile  and 
ethyl  H-fluorocarbamate,  each  approximating  1  mole  per  mole  of  the  starting 
material,  were  isolated  from  the  sulfuric-acid  solution.  The  foUowing  is  a 
possible  mechanism  for  this  reaction; 
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cone. 

c^aUmcooc^)^  -g^c^  n 

^  *  BHP-C-iOiCH  ^(!h, 

OjKjOcH  [OjK^a-IIp'l  « - °5®r®\  ^  +  OOg  +  OHj  •  CEj  + 

+  NHF 


HHFCXXX:^ 


It  l8  possible  that  the  3'P6ntanone  reaction  proceeded  by  a  similar  mechanism* 

On  the  other  hand^  It  may  be  that  only  the  monoeuiduct  of  the  ketone  vas  Involved 
In  this  reaction  and  the  second  mole  of  ethyl  l^>fluorocarbamate  never  entered 
the  reactlcxi  sequence. 

Ihe  reactions  of  ethyl  N-fluorocarbamate  with  aldehydes 
shoved  that  N-fluorocarbeunates  resemble  both  dlfluoraodne  and  carbamates  in  their 
reeuitions.  In  the  reaction  with  fcnrmaldehyde,  the  behavior  of  ethyl  K-fluoro- 
carbamate  vas  similar  to  that  of  difluoramlne.  Ihe  reaction  of  ethyl  N-fluoro- 
carbamate  with  butyraldehyde  leading  to  the  diadduct,  on  the  other  hand,  was  more 
like  the  reaction  of  carbamates  in  that  the  preparation  vas  achieved  under 
relatively  mild  reaction  conditions  with  only  a  catalytic  amount  of  aqueous 
mineral  acid.  Ihe  formation  of  the  butyialdehyde-N-fluorocarbamate  roonoadduct 
vas  more  like  the  analogous  reacticu  of  difluoramlne. 

c.  Reactions  with  Olefins  and  Acetylenic  Conq>ounds 


To  further  extend  the  scope  of  N-fluorocarbamate  reactions, 
the  addition  of  ethyl  R-fluorocarbamate  to  oleflnlc  and  acetylenic  coiiq)ounds  was 
Investigated.  It  vas  found  that  a  concentrated  sulfuric  acid  solution  of  ethyl 
N-fluorocarbamate  reacted  with  octene-1  at  5  to  25**C  to  give  a  1-to-l  adduct. 

The  product  was  identified  as  ethyl  N-fluoro-N-( 2-octyl) carbamate: 


CgHj^jCH  .  OHg  +  IIHPOOOC^  OgH^jOT  CB^ 


2<~4 


NFCOOCgH^ 
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The  infxared  spectrum  (Figure  l4)  is  consistent  with  the  structure,  and  the 
direction  of  addition  was  confirmed  hy  the  proton-HMR  ^ctrum  (Figure  15  )• 

The  addition  of  ethyl  N-fluorocarbamate  to  other  types 
of  olefinic  compounds  was  cdso  investigated.  Methylacrylate  reacted  with  the 
sulfuric-acid  solution  of  ethyl  N-fluorocarbamate  to  give  a  1-to-l  adduct  in  70^ 
yield.  The  structure  of  the  product  was  established  on  the  basis  of  its  infrared 
spectrum  (Figure  l6)  and  elemental  analysis.  Ihe  protwi-!iffi  spectrum  (Figure  17) 
showed  that  the  fluorocarbamate  moiety  added  to  the  methylene  carbon  atom  of 
the  acrylate: 


CHg-CHOOOCHj  +  NHPCOOCgH^ 


conc< 


4  CHgCHgOOOCHj 

MFCOOC^ 


A  similar  mode  of  addition  has  been  reported  for  the  dlfluoramine-acrylate 
reaction.  The  structure  of  the  adduct  was  further  proved  by  conversion  to  the 
known  methyl  p-dlfluoramlnoproplonate  on  direct  fluorination: 

(HgO) 

CHgCHgCOOCHj  +  Fg - >  NFgCHgCHgCOOCHj  +  COg  +  CgH^OH 

ibxxxxjgH^ 


The  reaction  of  ethyl  H-fluorocarbamate  with  ethyl  vinyl 
ether  resulted  in  hl^  yields  of  a  1-to-l  adduct.  In  this  case  the  reaction  was 
cazrled  out  in  the  absence  of  a  solvent  and  the  condensation  was  catalyzed  by  a 
trace  of  concentrated  hydrochloric  acid.  The  coiqpositlon  of  the  product  was 
established  by  means  of  its  infrared  spectrum  (Figure  l8)  and  elemental  analyses. 
The  proton-HMR  spectrum  of  the  product  (Figure  19)  indicated  the  direction  of 
addition,  showing  that  the  fluorocarbamate  moiety  added  a  to  the  ether  linkage: 


CHg  *=  CHOCgH^  +  HHFCOOCgH^ 


—2 - )  CHjCHOCgH^ 

HFCOOCgH^ 
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OSie  F^^-NMR  qpectxun  la  shovQ  in  Figure  20. 

Only  preliniDaxy  results  are  available  on  the  reaction 
betveen  ethyl  B-fluorooarbsnate  and  acetylenic  coopounds.  The  reaction  was 
carried  out  in  concentrated  sulfuric  acid  with  hetyne-5  &&  &  model  coopound* 

A  hlg^ily  exothermic  ireactlODj  accompanied  by  a  vigorous  gas  evolution,  occurred 
when  bexyne-5  was  added  to  an  ethyl  N-fluorocarbaoate  solution  in  concentrated 
sulfuric  acid  at  0  to  5°C.  In  general,  this  reaction  appeared  similar  to  that  of 
3-pentanone.  The  gaseous  reaction  jsroduct  was  identified  as  a  mixture  of  carbon 
dioxide  and  ethylene,  and  roughly  half  of  the  carbamate  was  recovered  from  the 
sulfurlc-acld  solution  at  the  end  of  the  run.  nie  fate  of  he3^e-3  '^^6 

reaction  has  not  yet  been  determined. 

The  further  extension  of  the  reactions  of  N*fluorocarba- 
mate  with  unsaturated  coii^)Ounds  is  under  investigation. 

2.  Experimental 

a.  Ethyl  N-Fluorocorbamate 

Ethyl  N-fluorocarbamate  was  prepared  by  the  fluorination 
of  aqueous  ethyl  carbamate  as  previously  described.  Several  3^i>ol6  batches  of 
ethyl  carbamate  were  fluorlnated,  and  the  product  was  purified  by  fractional 
distillation  or  by  cemversion  to  its  sodium  salt.  The  refractive  index  pre- 

oc 

vlously  reported  should  be  corrected  to  1.5972. 

b.  Beaction  of  Ethyl  N-Fluorocarbamate  with  SulfUric  Acid 

Ck)ncentrated  sulfuric  acid  (15  ml)  was  placed  in  a  25 -ml, 
three-necked,  round-bottomed  flask  equipped  with  a  thermometer,  a  mechanical 
stirrer,  and  a  small  dropping  funnel  containing  5.0  g  of  ettyl  N-fLuorocarbamate. 
The  carbamate  was  added  to  sulfuric  acid,  with  stirring,  at  15  to  20°C  over  a 
period  of  5  min.  The  material  dissolved  readily  in  sulfuric  acid,  with  only 
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sUc^  evolution  of  beat.  Thu  dropping  funnel  vas  removed  and  the  reactor  vas 
connected  In  series  vlth  a  -80^C  trap  and  an  evacuated  Infrared  gas  cell.  !Die 
sulfurlc-acld  solution  vas  heated  gradually  until  vigorous  gas  evolution  began 
at  60  to  75°C.  The  solution  vas  kept  at  65  to  70®C  until  gas  evolution  ceased 
after  15  to  20  nln.  The  gaseous  reaction  products  passed  throuc^  a  -80  C  trap 
without  condensing.  The  Infrared  spectrum  of  this  gas  Indicated  a  mixture  of 
carbon  dioxide  and  ethylene.  The  sulfuric  acid  vas  then  heated  to  90  to  100  C 
and  vas  kept  at  this  tenperature  for  an  additional  15  min. 

Ttw.  reaction  mixture  was  vacuum-distilled  at  a  pot  tempera¬ 
ture  of  90  to  100°C/0.1  to  0.3  mu  A  small  amount  (O.l  to  0.2  g)  of  colorless 
liquid  distilled  over  and  vas  identified  as  diethylsulfate  by  Its  infrared 
spectrum. 

At  the  end  of  the  distillation,  the  reaction  mixture  vas 
cooled  to  room  tenperature  and  vas  extracted  with  five  15-nl  portions  of 
methylene  chloride.  The  codblned  extracts  vere  concentrated,  and  the  residue 
vas  distilled  to  give  an  additional  0.2  to  0.3  g  of  diethylsulfate. 

The  residual  methylene  chloride  vas  removed  fran  the 
reaction  mixture  at  reduced  pressure,  and  the  sulfUrlc-acid  solution  vas  poured 
onto  100  g  of  ice.  The  resulting,  colorless,  aqueous  solution  had  strong 
oxidizing  properties  when  tested  with  potassium  iodide-starch  paper.  On  standing 
for  5  to  10  min  the  solution  began  to  evolve  nonoxidizing  gaseous  products.  The 
rate  of  gas  evolution  Increased  vben  the  mixture  vas  allowed  to  warm  to  room 
tenperature.  At  this  point  the  reaction  mixture  was  placed  in  a  150-ml  round- 
bottomed  flask,  and  the  flask  vas  connected  in  series  with  a  -80®C  trap  and  an 
evacuated  infrared  gas  cell.  The  gaseous  reaction  products  passed  through  the 
-80°C  trap,  and  the  10-cm  infrared  gas  cell  vas  filled  to  a  pressure  of  500  mra  Hg. 
The  material  failed  to  absorb  in  the  infrared  and  was  therefore  assumed  to  be 
nitrogen. 

The  gradxial  gas  evolution  continued  for  2  to  3  hours. 

At  the  end  of  this  period  the  reaction  mixture  vas  allowed  to  stand  at  rocxn 
tenperature  overnight.  The  mixture  did  not  then  evolve  gas,  nor  did  it  oxidize 
potassium  iodide. 
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c*  Beaction  vith  Butyraldehyde 

A  solution  of  4.3  g  of  ethyl  N-fluorocarbamate  (0.04 
mole)  in  25  ml  of  concentrated  sulfUric  acid  uaa  heated  at  65  to  95  C,  as 
described  above.  The  resulting  solution  vas  cooled  to  10  to  15°C  and  vns  poured 
on  a  mixture  of  1.44  g  of  butyralddiyde  (0.02  mole)  and  80  g  of  crushed  ice. 

The  mixture  was  allowed  to  warm  gradually  to  rocn  teinperature  and  to  stand  at 
^  to  27°C  for  18  hours.  At  the  end  of  this  time,  the  mixture  (nonoxidiaing) 
was  extracted  with  four  20-ml  portions  of  methylene  chloride.  The  combined 
extracts  were  dried,  and  the  filtered  solution  was  concentrated  to  remove  the 
solvent.  The  residue  was  distilled  at  reduced  pressure  to  give  1.1  g  of  a  color¬ 
less  liqudd  that  was  identified  as  n-butyronitrile  by  means  of  its  infrared 
spectrum. 

d.  Ethyl  N-nuoro-ll-hydroryiDethylcarbaaate 
(l)  Excess  of  Formaldehyde 

Five  dxopB  of  concentrated  hydrochloric  acid  and 
6.42  g  of  ethyl  N-fluorocarbamate  {0.06  mole)  were  added  to  a  solution  of  25  ml 
of  37^  aqueous  formaldehyde  in  50  nl  of  water,  at  5  to  10  C.  The  reaction 
mixture  was  allowed  to  rise  gradually  to  room  ten?>erature  after  l6  hours.  The 
mixture  was  extracted  with  six  30-ml  portions  of  methylene  chloride,  the  com¬ 
bined  extracts  were  dried  with  Drierite  and  were  filtered,  and  the  filtrate  was 
concentrated.  The  residue,  a  pale-yellow  liquid,  was  purified  by  distillation 
to  give  6.8  g  of  a  colorless  liquid  (bp  liO  to  44°c/0.1  to  0.3  mn,  n^  1.4l6o). 

The  material  was  redistilled  and  a  middle  cut  (bp  43  c/o.l  to  0.3  nn,  n^  1.4l8o) 
was  taken  for  analysis. 

Anal.  Calcd,  for  HOCH^lPCOOCgH^,  C^HgFNOj:  C,  35.04;  H,  5*9;  F,  13*9; 

II,  10.2.  Found:  C,  35.0;  H,  5.98;  F,  13.8;  H,  10.35. 

The  infrared  spectrum  (Figure  7)  'ws  obtained  for 
the  material  as  a  thin  film  and  as  a  soluti<»  in  carbon  tetrachloride.  The  thin 
film  shows  a  strong  bond  at  5.77  microns  with  a  shoulder  at  5.70  micron  (assigned 
to  C=0).  A  broad  band  appears  at  2*92  microns  (assigned  to  H-bonded  OH).  In 
the  carbon  tetrachloride  solution  the  C»0  bond  is  split  (5.80  and  5.65  microns) 
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and  a  sharp  bond  appears  at  2.8  mlermis  (assigned  to  free  (»).  This  behavior 
suggests  the  presence  of  a  hydrogen-bcmded  cyclic  structure: 


0 


H 

! 

0 


oc^ 


The  proton-NMR  spectrum  (Figure  8)  vas  obtained  In 
carbon  tetrachloride  solution,  vlth  TMS  as  an  Internal  reference.  The  OH  signal 
appears  at  U.97  O' value)  bracketed  by  a  doublet  (4.64  and  5.19)  that  Is  assigned 
to  the  ROcngNF-protons  (split  33  ^8  ^  the  adjacent  MP).  There  Is  apparently 
no  coipUng  betveen  the  HOCHg*  and  protons.  The  ester  ethyl  triplet  and 

quartet  appear  at  8.63  and  5*67,  respectively. 

The  -HMR  ^ctrum  (Figure  9)  was  obtained  in 
carbon  tetrachloride  solution,  irtth  Freon-U  added  as  an  Internal  reference.  The 
spectrum  consists  of  a  single  signal:  a  triplet  at  +74.9  ppm  from  Freon-11. 

It  Is  assigned  to  HOCHglOXXWEt  (split  by  the  adjacent  methylene  group). 

(2)  Excess  of  Ethyl  N-Fluorocarbamate 

To  a  solution  of  2.43  g  of  37^  aqueous  fomaldefayde 
(0.89  g  or  0.03  mole  of  BCBO)  In  25  ml  of  vater  was  added  at  25°C,  with  stirring, 
6.45  g  of  ethyl  N-fluorocarbamate  (0.06  mole).  Ho  visible  reaction  vas  noted. 
After  a  few  minutes,  1.0  ml  of  50^  sulfuric  acid  vas  added  and  the  mixture  vas 
alloved  to  stand  at  25  to  28°C  for  20  hours.  At  the  end  of  this  period  the 
solution  vas  extracted  with  six  ^-ml  portions  of  methylene  chloride.  Ihe  dried 
and  filtered  methylene  chloride  solution  vas  concentrated;  after  removal  of  the 
solvent,  the  residual  liquid  was  fractionated  to  give  two  products:  one  of  bp 
26  to  31°C/0.1  to  0.3  mm  and  1.3575  (3»1  g)#  and  the  other  of  bp  42  to  43°c/ 
0.1  to  0.3  mm  and  n^  1.4178  (3.2  g).  Infreured  spectra  indicated  that  the 
material  of  the  first  fraction  vas  the  uxireacted  ethyl  N-fluorocarbamate,  and 
that  of  the  second  fraction  was  ethyl  N-fluoro-N-hydroxymethylcarbamate. 
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e.  Diethyl  N,NtElfluorooiethylenedlcarhainate 

Two  drops  of  concentrated  hydrochloric  acid  vere  added, 
at  20  to  ^®C,  to  a  mlrturc  of  6.85  g  of  ethyl  H-fluoro-H-hydrorynethylcarhaimte 
(0.05  n»le)  and  5.U  g  of  ethyl  l^fluorocarbaaate.  NO  visible  reaction  occurred. 
The  mixture  uas  then  vanned  to  60  to  65*^C  and  allowed  to  stand  at  that  tempera¬ 
ture  for  16  hours.  At  the  end  of  this  period,  the  mixture  was  fractionated;  after 
the  removal  of  amounts  of  water  mixed  tdLth  an  unidentified  volatile  liquid, 

the  residual  liquid  was  fractionated  to  give  4.5  g  of  ethyl  N-fluorocarbamate 
(n^  1.39T5)»  3«4  g  of  ethyl  N-fluoro-N-hydroxymethylcarbaoate  1.4l80),  and 
2.3  g  of  a  colorless  liquid  (hp  8^  to  84°c/o.l  to  0.3  nm,  n^  1.424o).  This 
hi^-hoiling  product  was  identified  as  diethyl  N,HidifluoroiaBthylenedicarbanate 
"by  of  its  infrared  spectrum  and  j^slcal  properties.  Bie  yield  was  20^, 

on  the  basis  of  consumed  ethyl  N-fluorocarbamate. 

f .  Beactions  of  Butyraldehyde  and  Ethyl  N-Pluorocarbamate 
(1)  Preparation  of  n-CjH^CM(OH)NPCOOCgl^ 

To  a  mixture  of  5 *5  g  of  butyraldehyde  (O.O76  mole) 
and  4.3  g  of  ethyl  N-fluorocarbamate  (0.04  mole)  was  added  one  drop  of  concen¬ 
trated  hydrochloric  acid.  Cooling  was  necessary  to  keep  the  reaction  tenperature 
at  25  to  30®C.  When  the  initial  exothermic  reaction  subsided,  the  cooling  bath 
was  removed  and  the  reaction  mixture  was  allowed  to  stand  at  25  to  2T  C  for  lo 
hours.  At  the  end  of  this  period,  the  reaction  mixture  was  subjected  to  frac¬ 
tional  distillation.  After  removal  of  the  unreacted  butyraldehyde  and  traces 
of  moisture,  the  bulk  of  the  material  boiled  at  65  to  67*^c/0.1  to  0.3  mm  to  give 
5.5  g  of  a  colorless  liquid  (n^  1.4l20).  A  distillation  residue  of  1.8  g  was  not 
further  investigated. 

pc 

A  sasple  of  the  material  with  n^j  1.4120  was  sub¬ 
mitted  for  Infrared,  NMR,  and  elementel  analysis. 

Anal.  Calcd.  for  CjHj,CH(OH)NPCOOC2H^,  CX^j^FNO^:  C,  46.92;  H,  7.88;  F, 
10.60;  N,  7.82.  Found:  C,  47.50;  H,  8.46;  F,  IO.8O;  N,  7.55* 
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The  infMred  apectnm  (figure  lO)  showed  that  the 
material  was  probably  contaninated  with  starting  materials  (see  the  complex 
absorption  in  the  HH-OH  stretching  region).  The  proton-Uffi  spectrum  was  obtained 
In  carbon  tetrachloride  solution  (Figure  ll)»  with  OC  as  an  internal  reference* 
The  ester  ethyl  triplet  and  quartet  are  seen  at  5*67  and  8.65  (T  value), 
respectively.  Butyraldehyde  is  present  as  evidenced  by  the  signal  at  0.04  (-CHO) 
and  the  broad  multlplet  under  the  ester  ethyl  triplet  at  8.65.  The  pair  of 
triplets  centered  on  4.69  nay  he  assigned  to  the  -CHgCH-NP  proton  of  the  proposed 
structure.  The  signal  at  5.1i7  aeems  to  be  the  hydrorylic  proton. 

(2)  ftreparation  of  n-CjB^CH(NPC00C^)2 

Two  drops  of  concentrated  hydrochloric  acid  were 
added,  at  25  to  30°C,  to  a  mixture  of  10.7  g  of  ethyl  N-fluorocarbamate  (O.l  mole) 
and  3.6  g  of  butyraldehyde  (0.05  mole).  ^  Cooling  was  required  to  keep  +be 
tenperature  below  45  to  50°C;  the  heat  evolution  ceased  5  min  after  mixing.  The 
reaction  mixture  was  warmed  to  55  ho  65**C  and  was  allowed  to  stand  at  that 
temperature  for  I8  hours;  it  was  then  subjected  to  fractional  distillation* 

After  the  removal  of  1.2  g  of  volatile  materials  (mainly  water  and  unreacted 
butyreldehyde),  3.2  g  of  unreacted  ethyl  N-fluorocarbamate  (n^  1.5980)  '•s 
recovered.  Further  distillation  gave  8.1  g  of  a  colorless  liquid  (bp  8l  to  82  C/ 
0.1  to  0.''  nm,  n^  1.4272).  The  distillation  residue  amounted  to  0.7  g  and  was 
discarded. 

Anel.  Calcd.  for  CjH^CH(NPC00C2Hj)2,  **^*’^* 

l4.l6;  N,  10.44*  Found;  C,  45.10;  H,  6.55»  F,  l4.4;  N,  IO.52. 

The  yield  of  the  product  was  &&}>,  and  the  conversion 
was  6(yf>,  The  infrared  spectrum  (Figure  12)  is  consistent  with  the  structure. 

The  proton-HMR  spectrum  (Figure  I3)  was  obtained  in  carbon  tetrachloride  solution, 
with  TMS  as  an  internal  reference*  The  triplet  and  quartet  of  the  ester  ethyl 
groups  are  found  at  8.66  cmd  5*67  (  ^  value),  respectively.  The  triplet  is  super- 
inqjosed  on  a  broader,  more-complicated  signal  attributable  to  the  CjH^CH  group. 

A  triplet  of  triplets  to  the  low-field  side  of  the  ethyl  methylene  quartet 
(centered  at  4.06)  may  be  assigned  to  the  CgH^CH2pH  proton  (split  about  35  cps 
by  two  adjacent  fluorines  and  about  8.7  cps  by  the  adjacent  CH2. 
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g*  Reaction  of  Ethyl  N^Iluorocarbaaate  and  3~^ntanone 

To  a  aolntion  of  g  of  ethyl  V-fluorocarbamnte  (O.O^ 
mole)  in  2$  ml  of  concentrated  sulfuric  acid  vaa  added  dropwise,  at  0  to 
and  vlth  stirring,  2.15  g  of  3-pentanone  (0.023  mole)  over  a  period  of  23  min* 

The  recustlon  vas  exothemlc,  and  the  reaction  flask  was  cooled  externally.  The 
gaseous  px'oduct  evolved  during  the  reaction  passed  without  condensing  throuj^  a 
-80°C  trap;  a  saagile  of  it  vas  trapped  in  an  evacuated  Infrared  gas  cell,  and  the 
product  vas  shown  to  be  a  mixture  of  ccurbon  dioxide  and  ethylene. 


At  the  end  of  the  run  the  suUUzlc-acld  solution  was 
poured  on  70  g  of  crushed  ice,  and  the  resulting  aqueous  solution  vas  extracted 
with  six  30-inl  portions  of  methylene  chloride.  The  methylene  chloride  extracts 
were  combined,  were  dried  with  Drlerlte,  and  were  filtered,  and  the  filtrate  vas 
concentrated  to  remove  the  solvent.  The  residual  liquid  vas  distilled  to  give 
^2  g  of  a  colorless  liquid  (bp  26  to  31°c/0.1  to  0.3  am,  n^  1.3970).  This 
material  vas  identified  by  means  of  its  infrared  spectrum  as  ethyl  l^fluoro* 
carbamate. 


h. 


Reaction  of  n>C^R^CH(NFCOOC2H^)2  with  Concentrated  ftilfurlc 


Concentrated  sulfuric  acid  (13  ml)  vas  placed  In  a  23-ml, 
three-necked,  round-bott<MDed,  reaction  flask  equipped  with  a  thermometer,  a 
mechanical  stirrer,  and  a  small  dropping  ftixmel  containing  4.0  g  of  n-CI^H^CH 
(NFOOOC^)^  (0.013  mole).  The  reactor  vas  connected  In  series  with  an  -80°C 
trap  and  an  evaeiuited  Infrared  gas  cell  throu^^  the  top  of  the  dropping  funnel. 
The  sulfuric  acid  vas  cooled  to  3  to  lO^C;  to  It  vas  added,  vlth  stirring, 
CjftyCH(l!lFC00Bt)2  from  the  dropping  funnel  over  a  period  of  23  ndn.  The  reaction 
ffllxtvure  evolved  a  gaseous  product  that  failed  to  liquefy  in  the  -80°C  trap; 
a  6acg)le  of  it  vas  trapped  In  the  infrared  gas  cell  and  vas  found  to  be  a  mixture 
of  carbon  dioxide  and  ethylene. 


At  the  end  of  the  reaction,  the  orange-red  sulfurlc-acld-... 
solution  vas  poured  onto  30  g  of  crushed  Ice  and  the  resulting  aqueous  solution 
vas  extracted  with  four  20-ml  portions  of  methylene  chloride*  The  combined 
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extracts  were  dried  with  Drlerlte,  vere  filtered,  and  vere  concentrated  to  remove 
the  solvent*  IDie  residual,  dark  Hgjuld  vas  fractionated  to  give  0.4  g  of  a 
colorless  liquid  (hp  26  to  yPc/Zi  to  23  nm)  and  0*9  g  of  another  colorless 
liquid  (bp  26  to  30°C/o*l  to  0*3  as,  1*3970).  means  of  Its  Infrared 
qpectrum,  the  former  product  vas  Identified  as  butyronltrlle;  similarly,  the 
latter  product  vas  found  to  be  ethyl  H-fluarocarbamate*  A  viscous,  dark, 
distillation  residue  (bp  >95^c/0*l  sn)  amounted  to  0*8  g* 


1. 


Preparation  of 


To  a  solution  of  3*4  g  of  ethyl  H-fluorocarbonate  (0.05 
mole)  In  23  ml  of  concentrated  sulfuric  acid  vias  added  3*6  g  of  octene-l 
(0.05  mole)  at  3  to  10°C  with  stirring  over  a  period  of  13  ndn.  The  ireactlon 
was  exothendc,  and  the  reaction  flask  was  cooled  externally  by  means  of  an  ice- 
water  bath*  At  the  end  of  the  addition,  the  reaction  mixture  was  kept  at  3  to 
lO^C  for  an  additional  10  min,  and  was  then  allowed  to  warm  to  23  to  27*^0*  After 
standing  for  10  ndc  at  that  tenperature,  the  mixture  was  cooled  to  3  to  10*^C  and 
was  poured  on  80  g  of  crushed  Ice*  The  water-insoluble  oil  was  extracted  with 
three  23-ml  portions  of  methylene  chloride*  The  combined  methylene  chloride 
extracts  were  dried  over  Qrlerlte  and  were  filterad,  and  the  filtrate  was  con¬ 
centrated*  The  residual,  someidiat-dark  liquid  was  purified  by  distillation. 

After  the  removal  of  a  small  forerun  (0*8  g,  n^  l*4l95)#  the  bulk  of  the  material 
boiled  at  38  to  39°c/0*l  nn  to  give  8*1  g  of  a  colorless  liquid  (n^  1*4262). 

A  small  distillation  residue  (0*6  g,  n^  1.4322)  was  discarded* 


Anal*  Calcd*  for  CgH^jCH(C^)HPCXX)C2Hj,  Cjj^HggFHOg;  C,  60*24;  H,  10*11; 
P,  8.66;  N,  6.39»  Found:  C,  60*60;  H,  10*3;  P,  9*3;  N,  6.32* 


The  proton-lilR  spectrum  was  obtained  in  carbon  tetra¬ 
chloride  solution  (Figure  13),  with  IBIS  as  an  Interxml  reference*  The  spectrum 
was  also  compared  with  that  of  ethyl  N-flLioro-N-methylcarbamate  (Figure  2l). 

The  spectrum  of  CHjNPCXXKJgH^  showed  a  triplet  and  a  quartet  of  the  ethyl  group 
at  8.69  and  3*86  (T  values),  respectively*  The  CHjNF  group  is  a  doublet  (split 
approximately  26  cps  by  the  adjacent  W)  centered  at  6.7I*  The  F^^-NMR  spectrum 
of  ethyl  N-fluoro-N-methyloarbamate  (Figure  22)  was  also  obtained*  In 
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Cg^^CH(CH^)lIFOOOC^  the  triplet  and  goartet  of  the  ethyl  group  appear  at  8.70 


and  3-77j  respectively.  Ibe  triplet  Is  superliqposed  on  a  broader,  more-cosqalleated 
signal,  idilch  Is  presumably  for  the  0^^^  gi^iqp.  A  weak  signal  appears  to  the 
hlgh-fleld  side  of  the  ethyl  methylene  quartet.  When  examined  at  a  hl^r  radio- 
frequency  level  and  vlth  a  slower  sweep.  It  appears  to  be  one  of  a  pair  of 
nultlplets,  the  other  of  idileh  is  buried  under  the  methylene  quartet.  Thus, 
the  weak  signal  may  be  assigned  to  the  CSNF  proton  (split  Into  two  sextets  (?) 
by  adjacent  protons  and  Iff).  The  spectrum  Is  consistent  with  the  assigned 
structure. 


J .  Methyl  N-Carbetho^^-N-fluoro-B-amlnoprOpionate 

The  reaction  of  methyl  acrylate  (4*3  g,  O.05  mole)  and  a 
concentrated- sulfurlc-acld  (20-ml)  solution  of  ethyl  N-fluorocarbanate  (3*4  g, 

0.03  mole)  was  carried  out  under  essentially  the  same  reaction  conditions 
described  for  octene-1  addition.  At  the  end  of  the  run  the  sulfurlc-acld  solution 
of  the  product  was  poured  onto  100  g  of  crushed  Ice,  and  the  resulting  aqueous 
mlxtuxe  was  extracted  with  four  30-nil  portions  of  methylene  chloride.  The 
combined  methylene  chloride  extracts  were  dried  with  Drlezlte  and  were  filtered, 
and  the  filtrate  was  concentrated  to  remove  the  solvent.  The  residual  liquid 
was  fractionated;  after  the  removal  of  some  luireacted  acrylate  and  I.3  g  of 
iuu:e6u:ted  ethyl  N-fluorocarbamate,  5»1  g  of  a  colorless  liquid  (bp  32  to  54°C/ 

0.1  to  0.3  nn,  n^  1.4335)  was  obtained  (30^  yield,  70^  conversion). 

Anal.  Calcd.  for  O^gFTIDj^:  C,  45.52;  H,  6.26;  F,  9.84;  N,  7.25.  Pound: 
c,  45.3;  H,  6.17;  F,  10.2;  N,  7.15. 


The  Infrared  and  proton-NMR  spectra  (Figures  16  and  17, 
respectively)  are  consistent  with  the  structure.  The  ia*^ton-NMR  spectrum  was 
obtained  In  carbon  tetrachloride  solution,  with  IMS  as  an  Internal  reference. 
The  ester  ethyl  triplet  and  quartet  cue  found  at  8.63  and  3.77  (  ^  values), 
respectively.  The  relative  Intensities  in  the  quartet  are  distorted  from  the 
expected  1:3:3:1  ratio.  The  triplet  at  7.55  is  assigned  to  the  CHgCOgCH^ 
proton  (split  by  the  adjacent  CHg).  The  signal  from  the  -NFCT2CH2^®2^^ 
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protons  is  eiqieeted  to  be  a  pair  of  triplets  (split  about  50  cps  by  the  adjacent 
up)  with  the  same  relative  intensities  and  qpaelags.  One  such  triplet  is  seen 
at  6.55.  The  increased  relative  Intensity  of  the  central  member  may  be  attribu¬ 
ted  to  a  coincidence  with  it  of  the  -OOgC^  signal.  The  other  of  the  pair  of 
triplets  is  overlapped  by  the  ester  ethyl  qjiartet  but  may  be  partially  resolved 
from  it,  as  shown  by  the  spectra  recorded  with  a  reduced  sweep  rate.  The  spectrum 
is  thus  consistent  with  the  assigned  structure. 

The  reaction  of  acrylate  and  carbamate  did  not  take  place 
at  10  to  15°C,  and  \jnre«urted  starting  materials  vrere  recovered.  The  condensation 
described  above  was  achieved  by  allowing  the  sulfUric-acld  solution  of  the  coii?>o- 
nents  to  warm  to  25  to  26**C  and  keeping  it  at  that  teii5)erature  for  90  min. 

k.  Ethyl  N-Fluoro-M-(a-ethoxy)ethylcarbanete 

Tb  a  mixture  of  5.4  g  of  ethyl  N-fluorocarbamate  (O.05 
mole)  and  3.6  g  of  ethyl  vinyl  ether  (O.O5  mole)  at  20°C  was  added  one  drop  of 
concentrated  hydrochloric  acid.  The  reaction  temperature  began  to  increase 
inmediately,  and  dry-ice  acetone  cooling  was  applied  to  keep  the  reaction  tempera¬ 
ture  at  55  to  45®C.  After  5  to  10  ndn,  the  exothermic  reaction  ceased.  The 
cooling  bath  was  removed  and  the  reaction  mixture  was  allowed  to  cool  from  *10  C 
to  25°C  (15  min).  The  reaction  mixture  was  fractionated;  after  the  removal  of  a 
forerun  (0.7  g),  7.5  g  of  a  colorless  liquid  distilled  at  55  to  56  c/o.l 
to  0.5  nm  (n^  1.4194).  A  small  distillation  residue  was  discarded. 

On  the  basis  of  the  elemental  analysis  it  was  determined 
that  the  n^  1.4194  fraction  was  a  mixture  containing  approximately  5  to  7^  of 
ethyl  N-fluorocarbamate  and  95  to  93lt  of  its  adduct.  This  finding  was  confirmed 
by  the  results  of  gas-chromatographic  analysis.  The  contamination  of  the  product 
with  the  unreacted  ethyl  N-fluorocarbamate  probably  could  have  been  avoided  ly 
using  a  sli^t  excess  of  ethyl  vinyl  ether  in  the  reaction.  An  analytical  sanple 
of  the  adduct  was  isolated  by  gas  chromatography. 

^al.  Calcd.  for  Cl^^FNOj:  C,  1*6.92;  H,  7.88;  N,  7.8I;  P,  IO.60.  Pound: 

C,  46.4;  H,  7.8;  N,  7.9;  P,  10.8. 
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The  protoo-lMR  epectrum  (Figure  19)  «m  ohtelned  In 
carbon  tetradilorlde^  vltb  INS  aa  an  internal  reference;  it  is  consistent  with 
the  structure*  Bie  C^CBNF  signal  consists  of  a  pair  of  gittfurtets  of  4*45  and 
5*07  ( y  walues)*  This  structure  would  be  eiqpeeted  as  a  result  of  splitting  bF 
the  adjacent  (producing  a  guartet)  and  Iff  (splitting  the  g^eurtet  into  a  pair). 
The  ester  methylene  quartet  is  seen  at  5*74*  The  aultiplet  to  the  hl^-field  side 


is  assigned  to  the  ether  methylene*  The  anoemlous  splitting  is  apparently 
characteristic  of  C^OCI^*  The  ecaplex  eultiplet  centered  at  8,65  consists  of 
the  overlapping  signids  from  the  mettyls  of  the  two  ethyl  groiqps*  One  nonnal 
triplet  nay  be  found;  it  is  assigned  to  the  ester  methyl*  The  other  triplet 
shows  ancoBlous  qplltting  and  is  assigned  to  the  ether  methyl  group.  The 
spectrum  is  thus  consistent  with  the  suggested  structure^  and  the  alternative 


structure  (Cg^OCH^CHglffCXXlEt)  may  be  ruled  out* 

The  F^^-IWR  ^leetrum  (Figure  20)  was  obtained  in  carbon 


tetrachloride  solution,  with  fteon-U  added  as  an  internal  reference*  The 


spectrum  consists  of  a  single  signal:  a  doublet  at  +96*3  PI»  ftrom  nreon*ll* 
It  is  assigned  to  C^OCH(CHj)lffCOOC^  (split  by  the  proton  on  the  tertiary 
carbon  atom)* 


1*  Reaction  of  Ethyl  R^Fliwroearbanate  and  Hexyne-3 

The  reaction  of  hexyne-3  (2*0  g,  0*02^  mole)  and  a 
sulfurlc«acld  (S^-inl)  solution  of  ethyl  N-fluorocarhenate  (5*4  g,  O.05  mole) 
was  carried  out  at  ^  to  lO^C  In  essentially  the  same  manner  as  described  for  the 
similar  reaction  of  3>pentanone* 

A  vigorous  evolution  of  gaseous  reaction  products,  non- 
condensable  at  -dO°C,  occLvred  from  the  beginning  of  the  run*  Ihe  gaseous 
product  was  identified  (infrared  spectrum)  as  a  mixture  of  carbon  dioxide  and 
ethylene*  At  the  end  of  the  run  (13  ndn),  the  yellow  sulfuric-acid  solution 
was  poured  onto  100  g  of  crushed  ice  and  the  resulting  agueous  solution  was 
extracted  with  five  JO-ml  portions  of  metlylene  chloride*  The  combined  methylene 
chloride  extracts  were  dried  with  Oriexite,  were  filtered,  and  were  concentrated* 
The  distillation  of  the  residual  liquid  gave  2*5  g  of  ethyl  N-fluorocaxbaaate 
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(identified  hy  neans  of  its  infra*«d  ^ctrum)*  Less  than  1  g  of  a  higher- 
boiling  liquid  (bp  65  to  68Pc/0.3  vm,  n^  l.Ujte)  was  isolated  on  further 
distillation,  but  this  material  has  not  yet  been  identified# 

FLUORnunON  annnzs  (V.  Grakauskas) 


C. 


1.  Discussion 


The  fluorination  studies  performed  during  this  report  period 
vere  directed  tovard  the  extension  of  the  direct  fluoxlnatibn  of  aqueous  carba- 
nates*  niis  eoqihasis  arose  mainly  because  a  variely  of  N-fluorocarbomates 
became  available  from  the  reactions  of  ethyl  N-fluorocarbaaftte  vith  aldehydes 
and  olefinic  conqpounds*  The  objective  of  these  studies  vas  to  determine  if 
carbethoxy  groiqps  of  these  derivatives  could  be  replaced  selectively  by  fluorine, 
vith  the  concomitant  formation  of  the  corresponding  difluortunino  derivatives* 

nie  possibiUly  of  the  replacement  of  carbethoxy  groups  by 

fluorine  ***«  been  demonstrated  in  vork  on  the  fluorination  of  diethyl  methylene¬ 
s' 

carbamate  and  ethylenedlcarbanate*  In  these  cases,  however,  it  was  found  that 
only  trace  amounts  of  bls(difluoramino)nethane  and  l,2-bis(difluoramino)ethane, 
respectively,  were  obtained]  it  was  therefore  concluded  that  difluoramlDo 
groups  deactivate  the  MHCOOR  or  HPCXWR  groups  toward  further  fluorination.  nils 
conclusion  was  further  confirmed  ly  the  results  of  the  present  work.  It  was 
found  that  the  fluorination  of  aqueous  butyraldehyde-N-fluorocarbamate  diadduct 
jCjE^CH(!IPCXX)C2^)2j  did  not  give  the  desired  l,l-bis(dlfluOramino)butane,  but 
the  reaction  stopped  at  the  monodlfluoramino  stage,  even  when  excessive  amounts 
of  fluorine  were  used; 


n-CjHj.CH(HPCX)OC2H5)2  + 


(HgO) 


^  n-CjR^Cai(NP2)llPOOOC2Hj 


.  :  IQ 

The  infzthred  spectrum  (Figure  25),  proton-HMR  spectrum  (Figure  24),  and  F^  -HMR 
spectrum  (Figure  25)  arc  consistent  with  the  above  structure* 

nie  fluorination  of  aqueous  octene-l-N-fluorocarbamate  adduct 
|CgHj^jCH(C^)lCrc00C2Hj  resulted  in  the  removal  of  the  carbethoxy  group,  as 
evidenced  by  the  infrared  spectrum,  but  the  desired  2-difluoraminooctane  could 
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not  be  Isolated*  Instead,  the  confound  apparently  underwent  further  fluorlnatlon, 
resulting  In  the  introduction  of  additional  fluoro  groups  in  the  molecule,  as 
indicated  by  the  elemental  analysis*  Ibe  product  of  this  reaction  has  not  been 
characterized;  it  is  probably  a  mixture  of  polyfluDro>d>afflinooctanes* 

2.  Experimental 

a.  Preparation  of  n-CjE^CH(KPg)llP000C2^ 

A  solution  (partially'  a  suspension)  of  5*^  g  of 
n-Cja^CH(!lPC00Et)2  (0.02  mole)  in  35©  na  of  water  was  fluorinated  at  0  to  5°C 
with  elementary  fluorine  (diluted  with  fourfold  nitrogen)  until  approximately 
1.3  liters  of  fluorine  gas  was  consumed.  Oie  aqueous  mixture  was  extracted  Tflth 
six  20*ml  portions  of  methylene  chloride,  the  combined  extracts  were  dried  vlth 
Drlerlte  and  were  filtered,  and  the  filtrate  was  distilled  to  remove  the  solvent. 
The  residual  liquid  was  fractionated  at  40  to  70°c/20  to  25  mm  to  give  0.7  g  of 
a  colorless  liqvild  (i^  l.ltOlB),  and  1*0  g  of  a  colorless  liquid  (bp  100  to 
110°C/0.1  to  0*3  mm,  n^  1*4222)  was  then  distilled*  The  structure  of  the 
high-boiling  material  has  not  been  established*  The  lower-boiling  product  . 
(n^  1.4018)  was  found  to  be  Cja^CH(MF2)NPOOOC2H^. 

Anal.  Calcd.  for  Cl^^P^NgOg:  C,  39.25;  H,  6.12;  P,  26.61;  N,  13.I. 

Pound;  C,  40.0;  H,  6.1;  F,  25.6;  N,  12.1. 

The  Infrared  spectrum  (Figure  23),  proton-IWR  spectrum 
(Figure  24),  and  F^^-NMR  spectrum  (Figiure  25)  are  consistent  with  the  above 
structure*  Ihe  proton-NMR  spectrum  was  obtained  in  carbon  tetrachloride  solution, 
with  IMS  as  an  internal  reference.  Ihe  triplet  and  quarrtet  of  the  ester  ethyl 
group  appear  at  8.60  and  5.6O  (V  values),  respectively.  Ihe  triplet  is  super- 
inposed  on  a  more  complicated  multiplet  that  may  be  assigned  to  the  CH^CHgCHg 
group.  A  broad,  weak  signal  appears  to  the  low^ field  side  of  the  quartet.  When 
this  signal  is  examined  at  a  hl^er  radlo-fj:aquency  level  and  with  an  increased 
sweep  sj>eed,  it  is  seen  to  be  a  complicated  but  rather  symmetrical  multiplet. 
Although  the  Individual  absorptions  caimot  be  assigned  in  detail,  the  form  of 
the  signal  is  approximately  what  would  be  ejqpected  for  -CH2C3^2(NF-).  The  CH 
signal  would  be  split  into  a  triplet  by  the  adjacent  CHg  (expected  splitting. 
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5  to  10  cpa).  These  signals  vould  themselves  be  split  into  a  triplet  by  the 
NFg  group  (expected  splitting  about  30  eps).  nms,  the  signal  becomes  very 
complex.  !nie  spectrum  therefore  supports  the  proposed  structure,  but  not  as 
clearly  as  might  be  desiz«d. 

The  spectrum  vas  obtained  in  carbon  tetrachloride 

solution,  with  added  Freon-U  as  an  internal  reference.  Two  signals  vere 
observed,  the  one  at  -34.0  ppm  being  about  tvice  the  intensity  of  the  one  at 
-*-89.2  ppm.  The  signal  at  -34.0  ppm  consists  of  two  close  lying  doublets.  It 
is  assigned  to  the  -NF^  group  by  virtue  of  the  ehmnical  shift.  !nie  interpreta¬ 
tion  of  the  splitting  is  not  obvious;  the  splitting  my  be  the  result  of  coupling 
to  the  adjcu:ent  CS  and  the  more  distant  -I^COOBt.  The  signal  at  +89*2  ppm 
consists  of  tvo  close-lying  triplets.  It  may  be  assigned  to  IlFCOQBt  by  virtue 
of  the  chemical  shift.  The  splitting  may  be  the  resLilt  of  coiqpling  to  (S  and 
NFg.  The  chemical  shifts  and  Intenslly  xtitlos  are  consistent  with  the  structure. 
The  only  questionable  point  is  the  necessity  to  assume  appreciable  coupling 
between  the  rather  distant  NF  and  NF^  fluorines. 

b.  Fluorlnation  of 


CB^CH^COOCH^ 

iFCOOO^ 


A  solution  of  3»2  g  of  methyl  N-carbetho;y-N-fluoro-3- 
aminoproplonate  (0,0l66  mole)  in  200  ml  of  water  was  fluorinated  at  0  to  3°C 
with  elementary  fluorine  (diluted  fourfold  with  nitrogen)  xintil  approximately 
0.3  liter  of  fluorine  gas  was  consumed.  Ihe  aqueous  solution  vas  extracted  with 
six  15-ml  portions  of  methylene  chloride,  and  the  combined^  extracts  vere  dried, 
filtered,  and  concentrated.  The  residue  was  fractionated  to  give  O.7  g  of  a 
colorless  liquid  (bp  47  to  48°c/20  mm,  n^  1.3794),  which  vas  Identified  as 
methyl  3-dlfluoramlnoproplonate  by  comparing  its  physical  properties  and  infrared 
spectrum  with  those  of  the  known  material.  The  yield  was  30^. 


c.  Fluorlnation  of  CgHj^jCH(CHj)NPCX)0C2H^ 

A  solution  of  5.7  6  of  ethyl  N-fluoro-N-( 2-octyl) 
carbamate  in  550  ml  of  water  was  fluorinated,  as  described  in  the  previous 


Page  51 


CONFIDENTIAL 


CONFIDENTIAL 


II  Ttechnlcal  Dtscuasion,  C  (coat.)  Report  No.  0355-01-13 

exferiaait,  until  about  3  liters  of  fluorine  gas  was  passed  into  the  reaction 
mixture.  At  the  end  of  the  run  the  aqueous  reaction  mixture  was  extracted  with 
four  ao-ml  portions  of  methylene  chloride,  the  combined  extracts  were  dried  with 
Drlerite  and  were  filtered,  and  the  filtrate  was  concentrated.  The  residual 
liquid  was  distiUed  to  give  2.2  g  of  a  colorless  liquid  (bp  25  to  32  C/O.2  to 
0.3  m,  n^  1.3892).  Elemental  and  gas-chromatographic  analyses  showed  that  the 

product  is  a  mixture  containing  several  compounds. 

Anal.  Found:  F,  3^.5 »  N,  U.95» 

III.  COWCMJSIOHS 

A.  ly  the  proper  choice  of  e:qperlmental  conditions,  the  alkylation  of 
difluoramine  can  be  extended  to  both  more-reactive  and  less-reactive  substrates 
trVittw  had  been  indicated  by  previous  work. 

B.  The  acidic  hydrogen  of  N-fluorocarbanate  esters  may  be  utilized  to 
prepare  adducts  of  carbonyl  and  unsaturated  conpounds.  Ester  cleavage  resulted 
in  the  isolation  of  a  derivative  of  fluoramine. 

I 

IV.  RmiRE  PLANS 

Reactions  of  difluoramine  and  fluorocarbamates  and  the  aqueous-fluorination 
reaction  will  be  studied  further. 

V.  PERSONNEL 

The  experimental  work  was  performed  by  M.  A.  Sims,  M.  P.  Mascari,  G.  L. 
Gable,  D.  TroWbridge,  V.  toakauskas,  and  K.  Baum.  Analytical  support  was 
provided  by  K.  Inouye,  H.  Nelson,  D.  I.  Matson,  and  H.  Pust. 
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Figures  5  and  4 


Fig.  4  Proton-NMR  Spectrum  of  5,5,5-Trlnltro-2,2-bi8 fdif luoramino)penatane 
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Figures  5  and  6 


Fig.  6  Infrared  Spectrum  of  3-(Difluoraniino)butyric  Acid 
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Figures  7  and  8 


Fig.  8  Proton-NMR  Spectrum  of  Ethyl  N-Fluoro-N-hydroxymethylcarbi 
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Figures  9  and  10 
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Figures  11  and  12 


Fig.  12  Infrared  Spectnn  of  N,N'>Dlfluoro-n~butyllndlnedlcarbaiiate 


CONFIDENTIAL 


Report  No.  0255"Ol"13 


CONFIDENTIAL 


Figures  I3  and  14 


Fig.  14  Infrared  Spectrum  of  Ethyl  N-Fluoro-N> (2-octyl)carbamate 
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Figures  15  and  16 


Fig.  16  Infrared  Spectrum  of  Methyl  N-Carbethoxy-N-f luoro-p-aminopropionate 
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Figures  19  and  20 
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Fig.  21  Proton-NHR  Spectrum  of  Ethyl  N-Fluoro-N-methylcarbemete 
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Fig,  22  F^9-nmr  Spectrum  of  Ethyl  N-Fluoro-N-methylcarbamete 
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Figures  21  and  22 


Fig.  24  Proton-NMR  Spectra  of  Ethyl  N-Fluoro- 


Fig,  25  F^9-nmr  Spectra  of  Ethyl  N-Fluoro-: 
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